How does mutualism affect range expansion? On one hand, mutualists might thrive in new habitats thanks to the resources, stress tolerance, or defense provided by their partners. On the other, specialized mutualists might fail to find compatible partners beyond their range margins, limiting further spread. A recent global analysis of legume ranges found that non-symbiotic legumes have been successfully introduced to more ranges than legumes that form symbioses with rhizobia, but there is still abundant unexplained variation in introduction success within symbiotic legumes. Here, we test the hypothesis that generalist legumes have spread to more introduced ranges than specialist legumes. We used published data and rhizobial 16S rRNA sequences from GenBank to quantify the number of rhizobia partners that associate with each of 159 legume species, spanning the legume phylogeny and the globe. We found that generalist legumes occur in more introduced ranges than specialist legumes, suggesting that among mutualists, specialization hinders range expansions.
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sequences. The sub-sampled results (data not shown) were qualitatively similar to the results 4 7 without sub-sampling and so we only report the latter. Although rhizobia 16S sequences on 4 8 GenBank are likely a non-random sample of rhizobia that associate with legumes, coming 4 9 primarily from well-studied and often widely distributed legume species, we plotted the number 5 0 of sequences collected from GenBank per country across the globe (Supplemental Fig. 1 ) and 5 1 found fairly good global coverage, with the main exception being an absence of rhizobial 5 2 sequences from many African countries. Comparing introduced and native rhizobia communities 5 5
We identified how many rhizobia taxa are shared between the native and introduced range of 5 6 each legume species by comparing each plant's rhizobia community in both ranges using 5 7 unweighted unifrac distance. Therefore, we calculated unifrac scores for all legume species that 5 8 had at least one introduced range. We coded each legume species as having a native and 5 9
introduced range that either a) share at least one rhizobia taxon (unifrac score less than 1) or b) 6 0 share no rhizobia taxa (unifrac score of 1). To calculate unweighted unifrac distance between 6 1 introduced range and native range rhizobia sequences, we first identified each of the raw 16S 6 2 sequences used to develop the OTU dataset as belonging to either the plant host's native or 6 3
introduced range using the country information for each sequence. We then aligned sequences 6 4 associated with each plant species using the program MUSCLE [11] . We calculated unweighted 6 5 unifrac distance between the native and introduced sequences in the program mothur by filtering To determine if the number of genera or rhizobia OTUs is associated with legume establishment 7 0 outside the native range, we fit phylogenetic least squares (PGLS) models with the number of number of rhizobia genera and OTUs (Table 1, Figure 1 ), suggesting that legumes with more 1 0 0 rhizobial partners are introduced to more ranges. We observed moderate phylogenetic signal in Overall, our results suggest that a generalist strategy is important for species across the 1 0 6 legume phylogeny in establishing in new ranges around the world. These results support the 1 0 7 hypothesis that generalist legumes are able to form mutualisms in many different environments and thus may fail to establish because they lack mutualists that provide nitrogen. Specialist intervention or by rhizobial contamination of surrounding soil or seeds. We did find that number 1 1 4 of human uses was a significant covariate in influencing number of introduced ranges (Table 1) 1 1 5 in both our genus level and OTU level results, suggesting that human intervention is a likely 1 1 6 explanation for the introduction of specialist legume species. 1 1 7
We also found that rhizobia community composition impacts introduction success in 1 1 8
legumes (Table 1: OTU results). In particular, our results show that legumes that share rhizobial 1 1 9 taxa in both their native and introduced range have been introduced to more ranges compared to 1 2 0 legumes that share no rhizobia taxa (Fig. 3) . Our results suggest that legumes that are able to 1 2 1 establish in many ranges are able to do so because they find similar and thus compatible rhizobia mutualisms with the phylogenetically distinct rhizobia taxa in those areas. Our study highlights how a generalist strategy can strongly influence the distribution of 1 2 8 symbiotic legume species across the globe. Generalist strategies provide many benefits to 1 2 9 symbiotic legumes [15] and our study suggests that associating with many rhizobia partners in 1 3 0 the native range may increase the probability that a legume will find at least one compatible 1 3 1 rhizobia in their introduced range. Diversity in mutualism partners could be an important factor 1 3 2 for facilitating range expansions in many other globally widespread mutualisms. We have no conflict of interest. We thank Stephen Wright and Corlett Wood for comments on the project. We thank Luke 1 5 6
Mahler and Katrina Kaur for assistance with phylogenetic analysis. 
